METHODS
Hospital discharge data on all CEs were obtained from the Canadian Institute for Health Information (CIHI). This is a national database that includes information on all hospital discharges in Canada, except for the province of Québec which does not report data to CIHI. The database does not include information on indications for surgery. Patients in the other nine provinces and two territories for the fiscal years 1994-1997 were identified by searching the database for those years using code 50.12 of the Canadian Classification of Procedures. 7 We excluded those patients who had coronary artery bypass grafting (CABG) and CE at the same admission.
Study Variables
The outcomes of interest were the observed and risk adjusted rates of in-hospital stroke and/or death. Stroke, as a complication, was defined using ICD9 codes 433, 434, 436, or 438 when the diagnosis-type indicators available in Canadian administrative data indicated that the stroke had occurred during hospitalization. We have shown previously that the use of these indicators improves the detection of complications in administrative data studies. 8 In addition, a postoperative stroke was considered to have occurred when ICD9 code 997.0 was present.
The sociodemographic variables studied were age and sex. To define co-morbidity variables that may predict outcome, we used the Deyo coding system 9 that is adapted for use with the ICD-9-CM coding manual to identify the 17 comorbidities (see the Analysis section) that make up the Charlson comorbidity index, 10 an index widely used for risk adjustment in outcome studies. In addition to the Charlson index, we also identified prior CABG (ICD9CM code V458.1) admission through the emergency room (as an indicator of urgency) and unstable angina (ICD9CM code 411.1) as baseline variables that may be associated with adverse postoperative events.
Analysis
We initially performed chi-square analyses and t-tests to explore associations between outcomes and age, sex and comorbidities. Then, logistic regression was used to identify multivariate predictors of the composite outcome of in-hospital stroke and/or death and to calculate adjusted rates of this outcome. Four variables, mild liver disease, moderate to severe liver disease, dementia and HIV were excluded from multivariate analysis because they were rarely present and because no outcome events occurred in patients with these variables. The final model included patient age and sex, admission through emergency, chronic lung disease, diabetes, diabetes with complications, neoplastic disease, hemiplegia, myocardial infarction (old and recent), rheumatologic disease, peptic ulcer disease, chronic renal failure, peripheral vascular disease, metastatic disease, congestive heart failure, unstable angina, and prior CABG.
We used this risk-adjustment model to calculate the predicted probability of in-hospital stroke and/or death for each patient who underwent CE. We then averaged these predicted probabilities in a given province (E). The observed rate of stroke and/or death (O) divided by the expected rate (E) generated an O/E ratio for each province. The adjusted provincial rates of stroke and/or death were calculated by multiplying each province's O/E ratio by the overall in-hospital stroke and/or death rate.
We calculated the adjusted stroke and/or death rates for each year and each province over four years. Adjusted national rates over the four years were plotted and tested for trend by linear regression. We tested for differences in the adjusted stroke and/or death rate between provinces using the differences in the -2 log likelihood chi-square statistic for models with, versus those without, the provinces in the model. The observed versus expected adverse outcome rates were plotted by province. percentages done in each province. The overall national death rate was 1.3%. The postoperative stroke rate was 3.4% and the combined stroke and/or death rate was 4.1%. Figure 1 shows the national adverse outcome rates over the four years studied. There was a steady decrease in both the adjusted rates for death (p=0.0041) and the combination of stroke and/or death, although the latter was not quite statistically significant (p=0.0672). Figure 2 shows the adverse outcome rates over four years for each province. Newfoundland and Saskatchewan had significantly higher combined stroke and/or death rates than the other provinces (p<0.001). None of the provinces was significantly worse than the others for mortality. The plot of the observed versus the expected combined adverse outcome rate ( Figure 3) shows that all provinces are clustered along the line of identity except Newfoundland and Saskatchewan.
RESULTS

DISCUSSION
The national mean mortality rate for Canada was 1.3%, comparable to the rate of 1.1% found in the major North American CE trial in symptomatic patients, 3 although our series contained an unknown proportion of asymptomatic patients, presumably at lesser risk. 4 Importantly, the national rates of adverse outcomes for CE for 1994-1997 showed a steady and statistically significant decline
The provincial comparisons showed that in all but two provinces, CE was performed as well as predicted by our riskadjustment model. However, both Saskatchewan and Newfoundland had results for the combined outcome of stroke and/or death that were significantly worse than the other provinces and worse than predicted. We explored this difference further to try to explain the deviation. We tested for differences between Saskatchewan and Newfoundland and the other provinces, using the chi-square test, for several hospital and surgeon attributes. We found that these two provinces were significantly (p<0.001) more likely to have CE cases done in low volume hospitals (<150 cases/four years), by low volume surgeons (<15 cases/four years) and by general surgeons (rather than vascular surgeons or neurosurgeons). Their cases were also less likely to have been done in hospitals that participated in the two major North American randomized trials of CE (NASCET 3 and ACAS 4 ). We have shown recently, using this same national database, that each of these attributes predicts a worse combined adverse outcome rate of stroke and/or death 11 few provincial studies. The Institute for Clinical Evaluative Sciences has published practice atlases for Ontario, showing regional rates of procedures and outcomes. 12, 13 One national study of CABG showed a declining mortality rate between 1992/3 and 1995/6 14 . Substantial variation in adjusted mortality rates was also seen between provinces. Interestingly, Newfoundland was also worse than expected for CABG mortality, perhaps for similar reasons.
Our study has several limitations. We used administrative data, which is known to be less accurate for recording complications than mortality, 1 5 although our earlier work demonstrates that CABG report cards are similar across different data sources. 16 Also, in this study, we lack the full Canadian profile of CE because we were unable to examine data from Québec. Our results likely underestimated the negative outcomes somewhat, since we measured stroke and/or death only until hospital discharge, not for 30 postoperative days as in the RCTs. Also, the recording or stroke as an outcome in administrative data is likely to be incomplete. In addition, our definition of postoperative stroke is open to some debate. We used a combination of specific stroke codes and a nonspecific code (997) for neurological complications. The latter may not always represent stroke, but we opted to use it because we anticipated that many hospitals code postoperative strokes this way. Because of these factors, the rates of postoperative stroke we found are lower than found in recent studies of CE using chart review. 17, 18 Also, using administrative data, we were unable to determine the proportion of cases that were asymptomatic. Since the adverse outcome rate for asymptomatic cases is generally lower than for symptomatic cases, 4 it is possible that the provinces that showed poorer outcomes had a higher proportion of symptomatic patients, although we think this is unlikely. It is also possible that an increasing proportion of asymptomatic patients treated could explain some of the overall improvement in outcomes we saw nationally over four years.
Finally, while we were able to explain some of the differences between provinces on the basis of volume and specialist issues, there are likely other relevant process issues that we did not examine. These limitations underline the ongoing need to develop prospective national registries for CE and other surgical procedures.
The differences in outcome from CE in our interprovincial comparisons suggest that there may be differences in the quality of care. The factors we have previously identified as being predictive of worse outcome, low case volumes for hospitals and surgeons, CE by general surgeons and lack of clinical trial participation, all appear to be relevant in the two provinces whose performance was worse than expected. The two provinces that had the highest adverse event rates both have difficult geographical challenges and may also have difficulty with retention of specialists who care for patients undergoing CE. According to the Donabedian model of quality of care, 1 9 structural issues such as these may have negative effects on outcomes. Sub-optimal outcomes in such circumstances should, therefore, not be viewed as a negative reflection on provider performance. On the contrary, providers working in such environments should be congratulated for their efforts to provide high quality care despite challenging circumstances. Nevertheless, our findings suggest that consideration be given to regionalization of care for CE without regard for provincial boundaries, to ensure adequate case volumes for both surgeons and hospitals.
